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Abstract
Background: Chronic hepatitis C virus (HCV) is associated with extra hepatic autoimmune disorders, while peg-IFNa-2a/RBV combi-
nation therapy may exacerbate these conditions. Autoantibodies to cytoplasmic structures, called rod and ring particles (RR), have
strong associations with these patients and are identified by HEp-2 cells.
Objectives: Our purpose was to study the correlation of autoantibodies to cytoplasmic rod and ring particles in the serum of pa-
tients with chronic HCV infection with their response to standard therapy.
Methods: Serum samples were gathered from 120 patients with HCV infection (40 naive treatments, 40 with sustained virological
response (SVR), and 40 with relapse response) during peg-IFNa-2a/RBV combination therapy and analyzed for the presence of RR
antibodies by IIF on commercially available HEp-2 cell substrate slides from Euroimmun (Lu beck, Germany).
Results: Anti-rod and ring (anti-RR) autoantibodies were detected in only the serum of 1 out of 120 patients (0.8%), which belonged
to a patient (out of 40) with relapse response (2.5%). No correlation was found between the types of response to peg-IFNa-2a/RBV
combination therapy and the presence of anti-RR autoantibodies.
Conclusions: The only HCV patient with RR autoantibodies previously had received IFN/ribavirin antiviral therapy. The presence
of these autoantibodies is extremely rare in Iranian HCV patients. Further studies are warranted to determine the role of genetic
background and geographical pattern in the prevalence of these novel autoantibodies worldwide.
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1. Introduction
Hepatitis C virus (HCV) is an enveloped single stranded
RNA positive sense virus which is classified in the genus
Hepacivirus of the Flaviviridae family. It is a major cause of
chronic liver disease, possibly leading to liver cirrhosis and
hepatocellular carcinoma (1, 2). In the majority of the HCV
infected patients, the infection becomes chronic, but in 14%
- 45% of the cases, the virus is spontaneously cleared (3).
The last estimates of the disease burden show an increase
in seroprevalence over the last 15 years to 2.8%, equating to
more than 185 million infections worldwide (4). However,
the prevalence rate of HCV in Iran is low, where the rate in
the general population is < 0.5% (5, 6).
The virus genome encodes a polyprotein of approxi-
mately 3000 amino acids that is flanked by 5′ and 3′ non-
coding regions (5′-NCR and 3’-NCR) (7). Translation of the
polyprotein is mediated by an internal ribosome entry site
(IRES) embedded within the 5′-NCRs, and the individual vi-
ral proteins are produced upon cleavage of the polypro-
tein by host and viral proteases. These include three struc-
tural proteins (core, E1, and E2), the p7 protein, and six non-
structural proteins (NS2, NS3, NS4A, NS4B, NS5A, and NS5B),
which are involved in virion assembly and viral RNA repli-
cation (8). The virus is classified into seven different geno-
types and more than a hundred subtypes (termed a, b, c,
etc.), and it also manifests itself in the sera or tissues of
patients with the appearance of quasispecies. The com-
mon treatment method for HCV infection is pegylated in-
terferon a-2a and ribavirin (peg-IFNa-2a/RBV) combination
therapy in developing countries (1).
This treatment is used to eradicate the infection and
reduce the risk of cirrhosis and hepatocellular carcinoma
(9). Treatment results have been shown to be affected by
various viral factors such as the HCV genotype or pretreat-
ment viral load and host factors such as fibrosis, cirrho-
sis, liver steatosis, and insulin resistance (10, 11). Recently,
there has been evidence showing that a genetic polymor-
Copyright © 2016, Kowsar Corp. This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License
(http://creativecommons.org/licenses/by-nc/4.0/) which permits copy and redistribute the material just in noncommercial usages, provided the original work is properly
cited.
Afsharzadeh F et al.
phism near the interleukin-28B gene encoding IFN-λ3 is
correlated with the treatment response (12, 13).
HCV infection is related to various immunological ab-
normalities, including the production of organ specific
and non-organ specific autoantibodies (autoAbs) (14). Or-
gan specific autoAbs consist of those produced against
their targets in pancreatic islet cells (15), thyroid (16), the
adrenal cortex (15), and gastric parietal cells (17). Non-
organ specific autoAbs cover anti-smooth muscle Abs, anti-
nuclear Abs (ANA), anti-neutrophil cytoplasmic Abs, anti-
mitochondrial Abs, and anti-liver-kidney microsomal Abs
(18).
These autoAbs are mainly divided into five groups: i)
autoAbs as serological markers for autoimmune liver dis-
ease; ii) autoAbs as serological markers for extra-hepatic
autoimmune diseases; iii) autoAbs to endocrine organs;
iv) autoAbs to tumor-associated antigens, and v) other au-
toAbs (19).
Since HCV penetrates into the hepatocytes through the
binding of its envelope protein (E2) to CD81, which is also
expressed in B-lymphocytes, Pileri et al. proposed that HCV
binding to B-cells lowers their activation threshold and be-
cause of that, the production of autoAbs is facilitated (20).
On the other hand, regarding peg-IFNa-2a/RBV combina-
tion therapy, the cornerstones of the control of HCV in-
fection have immunomodulatory effects (21), such as the
production of autoantibodies (22). A novel autoAb that
recognizes special cytoplasmic rod and ring (RR) struc-
tures was first identified in the sera of HCV patients that
were studied using commercial ANA slides (23). Inosine
monophosphate dehydrogenase 2 (IMPDH2) and cytidine
triphosphate synthase 1 (CTPS1) were identified as poten-
tial autoAbs targets, which are localized to the RR struc-
tures (23). Anti-rod and ring (anti-RR) autoAbs were specific
to HCV patients who were under peg-IFNa-2a/RBV combina-
tion therapy (24).
2. Objectives
The aim of the present study was to determine the re-
lationship between the presence of autoantibodies to the
cytoplasmic rod and ring particles in the serum of pa-




The study was conducted on samples gathered from
120 chronic hepatitis C patients who referred to the diges-
tive disease research institute (DDRI) of Shariati hospital
affiliated to Tehran University of Medical Sciences (TUMS)
from 2010 to 2012. The samples were stored at -80°C. The ex-
clusion criteria included coinfection with human immun-
odeficiency virus (HIV) and hepatitis B virus (HBV) (25). The
current study was approved by the Ethics Committee of
Iran University of Medical Sciences (IUMS), Tehran, Iran.
3.2. Treatment Method
The patients were treated with standard combina-
tion therapy using pegylated IFNa-2a (Peg-IFNa-2a; Pegasys,
Roche, Basel, Switzerland), 180 µg per week, in combina-
tion with ribavirin (RBV) (Copegus, Roche), 1,000 - 1,200
mg per day. HCV infected patients with genotypes 1 and 4
were treated for 48 weeks, whereas genotype 3-HCV posi-
tive patients were treated for 24 weeks according to stan-
dard methods for HCV therapy (26).
3.3. Explanation of Response
To specify the types of response to peg-IFNa-2a/RBV
combination therapy, the presence of genomic HCV RNA
was evaluated at the end of the therapy and 6 months
thereafter. The hepatitis C viral load was measured in the
plasma samples. According to the results of the HCV-RNA
evaluation at the aforesaid time points, the cases were clas-
sified into three groups: sustained virological response
(SVR) that was named because of undetectable HCV RNA
at the end of 24 weeks; End-of-treatment (EOT) response
that was tested at 24 weeks after initiation of treatment for
HCV genotype 2 and 3 infections and at 48 weeks for geno-
type 1 of HCV; and Relapse response that happened when
HCV RNA reemerged in a patient who previously had ob-
tained an EOT response. All patients with detectable hep-
atitis virus RNA, at the end of the treatment and during
follow-up, were considered as non-responders (NR) (26, 27).
3.4. Indirect Immunofluorescence Assay (IIFA)
All samples were analyzed by IIF assay with HEp-2 slides
from Euroimmun (Lu¨ beck, Germany) at a screening di-
lution of 1/80 according to standard IIF protocol (28) with
EUROStar III PlusFlurescent microscope under 400 magni-
fications. Analyses were done separately by two expert ob-
servers of Firouzgar Hospital affiliated to Iran University
of Medical Sciences (IUMS). Images were captured using a
BASLER acA2500-14uc-Imager.
3.5. RNA Extraction and Genotyping
To determine HCV genotypes, viral RNA was extracted
from 140 µL of sera using the QIAamp Viral RNA Extrac-
tion kit (Qiagen GmbH, Hilden, Germany) based on the
manufacturer’s protocol. HCV-RNA in sera was detected
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by the reverse transcription-nested polymerase chain reac-
tion (RT-nested PCR) assay (29). The HCV genotypes were
analyzed in HCV-positive samples using restriction frag-
ment length polymorphism (RFLP) assay of the 5′-NCR of
the HCV genome as described previously (30).
3.6. Statistical Analysis
Statistical analyses were performed using SPSS version
17 (SPSS, Chicago, IL). Descriptive indices, Fisher’s exact test,
and Chi-square test were used. P values < 0.05 were consid-
ered statistically significant.
4. Results
120 patients chronically infected with HCV were en-
rolled in the current study and divided into three groups.
The groups were defined as SVR (n = 40), relapsers (n = 40),
and spontaneous clearance (n = 40). The mean age (±SD)
of the patients was 43± 13.2 (range of 17 - 71 years). Among
120 patients, 90 (75%) were male. Clinical data on biochemi-
cal parameters, virological aspects, and type of therapeutic
response (using One-way ANOVA and Chi-square test) are
presented in Table 1.
Anti-rod and ring antibodies (Anti-RR Abs) were read-
ily identified on Euroimmun HEp-2 slides. The abovemen-
tioned autoantibodies were detected in only one serum of
the 120 patients under the study (0.8%) that belonged to
one out of 40 patients with relapse response (2.5%) (Figure
1). No correlation was found between the type of response
to peg-IFNa-2a/RBV combination therapy and the presence
of anti-RR Abs (P = 0.365; Chi-square test). However, other
IIF-HEp-2 patterns were observed in variable proportions
in all groups of patients. The speckled cytoplasmic pattern
was the dominant pattern in the studied patients (Table 2).
Background information regarding autoimmune dis-
orders in the patients was also studied. Two patients (1.7%)
were positive, 77 patients (64.2%) were negative, and the
data of 41 patients (34.2%) were unknown. Among positive
patients, none of them had anti-RR reactivity; thus, any
association was not observed between having an autoim-
mune disease and the presence of anti-RR Abs (P = 1.000;
Fisher’s exact test).
The data of the present study show that only one pa-
tient had anti-RR reactivity, and 119 patients presented
other IIF-HEp-2 patterns or were negative for the IIF-HEp-2
test.
4. Discussion
This study showed that HCV infection is associated
with the type of immune reactions, part of which is re-
flected by the presence of organ and non-organ specific au-
toAbs. Probable mechanisms for the production of auto
Abs may include molecular mimicry, an interaction be-
tween the HCV and B cells which boosts their reproduction,
or direct infection of the immune cells by HCV (31).
In one study by Keppeke et al. cell cultures treated with
ribavirin demonstrated that this drug has the potential to
induce the formation of the RR pattern; in other words,
only HCV positive patients, treated with peg-IFNa-2a/RBV
combination therapy, had anti-RR Abs, whereas none of
the untreated ones showed this pattern (28). In this study,
none of the samples from the spontaneous clearance pa-
tients without any treatment method were positive for an
RR pattern (28).
In another study by Felisberto et al. the presence of
anti-RR Abs was observed just after the beginning of treat-
ment. In 6% of patients, its appearance started within the
first month; however, after 6 months, > 47% of the sam-
ples presented with the RR pattern. Another finding of the
study was that, among anti-RR-positive patients, 77% did
not respond to the treatment. On the other hand, among
anti-RR-negative patients, the rate was 64%. Thus, this pat-
tern is not related to the success of peg-IFNa-2a/RBV combi-
nation therapy (32).
The presence of autoantibodies to cytoplasmic RR par-
ticles in the serum of patients with chronic HCV Infec-
tion has been reported in various populations around the
world. For example, it was detected in 14.1% of 342 HCV
infected patients and 38% of 108 patients receiving Peg-
IFN/RBV, but it was present in none of 166 untreated pa-
tients (28). In the study by Covini et al. analyses revealed
the presence of antibodies to rod-like cytoplasmic struc-
tures in 15 out of 75 (20%) patients with chronic hepati-
tis C. Anti-RR antibodies were found in sera collected only
during Peg-IFN/RBV treatment; but they were never de-
tected before antiviral therapy or even in control groups.
However, the antibodies were detected more often in non-
responder/relapsers than responder patients (33% versus
11%) (24). In another study, about 20-35% of HCV pa-
tients treated with Peg-IFN/RBV combination therapy were
known to induce the production of anti-RR antibodies af-
ter several weeks or months (24, 33).
In the current study, the RR pattern was only observed
in one case out of 120 HCV patients (0.8%) that was classi-
fied in the relapse group. The RR pattern was not shown in
any of subjects who have been categorized in the SVR and
spontaneous clearance groups. No correlation was found
between the success of peg-IFNa-2a/RBV combination ther-
apy and the presence of anti-RR Abs. The low prevalence
of anti-RR in the Iranian HCV patients is intriguing and
maybe related to genetics and environmental factors; how-
ever, there is no follow-up information in this regard here.
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Table 1. Clinical Information of the Patients and Various Types of Therapeutic Responses to Pegylated- Interferon Alfa-2a and Ribavirin Combination Therapya
Patients SVRb Relapse SCc Total P Value
No. of patients 40 (33 ) 40 (33 ) 40 (33 ) 120 (100)
Gender Male/female 34/6 32/8 24/16 90/30 0.024 Chi-square test
Age, y 37.6± 10.7 (17 - 67) 43.8± 13.04 (19 - 69) 59.2± 6.4 (53 - 71) 43± 13.1 (17 - 71) < 0.001One-way ANOVA
Laboratory Parameters
Pre ALTd , IU/L 78.2± 59.2 (18 - 275) 72.8± 41.1 (17 - 197) 15.2± 9.1 (1 - 41) 61± 51.4 (1 - 275) < 0.001a One-way ANOVA
Post ALT, IU/L 26.1± 13 (9 - 60) 34.9± 20.4 (8 - 94) 15.4± 8.5 (2 - 40) 30.4± 17.5 (8 - 94) < 0.001 One-way ANOVA
Pre AST, IU/L 53.6± 47.2 (19 - 309) 60.4± 35.8 (15 - 172) 16.4± 6.2 (3 - 29) 47.2± 40.5 (3 - 309) < 0.001 One-way ANOVA
Post ASTe , IU/L 27.6± 12.1 (14 - 67) 35.3± 19.9 (8 - 106) 16.5± 6.2 (4 - 29) 31.4± 16.7 (8 - 106) < 0.001 One-way ANOVA
Pre ALPf , IU/L 197.3± 67.5 (76 - 364) 231.1± 77.8 (87 - 415) 230.1± 54.7 (153 - 349) 217.9± 70.1 (76 - 415) 0.061 One-way ANOVA
Post ALP, IU/L 189± 56.2 (90 - 329) 207.7± 81.5 (62-414) 230.3± 54.6 (156 - 350) 198.3± 70 (62 - 414) 0.056 One-way ANOVA
Pre GGTg , IU/L 40.5±23.2 (14 - 122) 76.1± 61.7 (12-247) 23.6± 13 (11-67) 49.2± 45.4 (11 - 247) < 0.001 One-way ANOVA
VLDLh , mmol/L 24.7± 23.4 (7 - 130) 22± 10.1 (4 - 40) 20± 13.2 (6-89) 23.3± 17.6 (4 - 130) 0.578 One-way ANOVA
Clinical Information
No. of Cirrhotic patients 0 3 (7.5) 0 3 (2.5) 0.046 Chi-square test
HCV Genotypes/Subtypes
1a 19 (47.5) 17 (42.5) 0 36 (30)
< 0.001 Chi-square test
1a/1b 0 0 4 (10) 4 (3.3)
1b 2 (5) 5 (12.5) 0 7 (5.8)
2b 1 (2.5) 0 0 1 (0.8)
3a 18 (45) 13 (32.5) 0 31 (25.8)
aValues are expressed as No. (%).
bSustained virological response.
cSpontaneous clearance.
dPretreatment Alanine aminotransferase (ALT).
ePost treatment Aspartate aminotransferase (AST).
f Very-low-density lipoprotein (VLDL).
gAlkaline phosphatase (ALP).
hGamma-glutamyl transpeptidase (GGT).
Therefore, it seems that more studies need to be done in
this area.
In conclusion, the present study independently con-
firmed the association of the IIF-HEp-2 RR pattern with
HCV and found no association between the presence of
anti-RR Abs and different groups in responding to the peg-
IFNa-2a/RBV combination therapy. In addition, the cur-
rent study was able to limit the trigger of anti-RR reactiv-
ity to the peg-IFNa-2a/RBV combination therapy. On the
other hand, no association was detected between demo-
graphic parameters, response to treatment, HCV genotype,
and having an autoimmune disease. Despite the clear as-
sociation of anti-RR reactivity and peg-IFNa-2a/RBV combi-
nation therapy, it is striking that the majority (98.8%) of
Iranian patients under the mentioned therapy showed no
anti-RR reactivity.
According to this study, the rate of the presence of anti-
RR Abs is extremely rare in Iranian patients treated with
Peg-IFN/RBV. On the other hand, the genetic background
could be an important factor for this discrepancy, which
needs more comprehensive studies and research.
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Figure 1. Indirect Immunofluorescence - Hep - 2 Rods and Rings Pattern
IIF with a representative anti-Rods and Rings positive HCV patient sample diluted 1/80. A and B, slides from Euroimmun; A, cells with rods and rings conformations at× 40
magnification; B, classical RR at× 10 magnification. Bar, 5µm.
Table 2. Distribution of Patients with Hepatitis C Virus and Other Hepatic and Non-Hepatic Diseases According to the Presence of Anti-Rod and Ring Antibodies and Other
Indirect Immunofluorescencee-HEp-2 Patternsa
Types of Responses
IIF-HEp-2 Patternsb SVRc (n = 40) Relapse (N = 40) SCd (N = 40) P Value
Nucleoli 4 (10) 11 (27.5) 6 (15) 0.105 Chi-square test
FSe 4 (10) 2 (5) 2 (5) 0.585 Chi-square test
Midbody 0 3 (7.5) 2 (5) 0.232 Chi-square test
SCPf 17 (42.5) 15 (37.5) 11 (27.5) 0.362 Chi-square test
Mitotic spindle 0 1 (2.5) 3 (7.5) 0.164 Chi-square test
Rods and rings 0 1 (2.5) 0 0.365 Chi-square test
Overall IIF-Hep-2 Reactivity 25 (62.5) 33 (82.5) 24 (60)
aValues are expressed as No. (%).




f Speckled Cytoplasmic Pattern.
Footnotes
Author’s Contribution: Hossein Keyvani, Farah
Bokharaei-Salim, and Fatemeh Afsharzadeh designed
the study and were responsible for all the study man-
agement. Hossein Keyvani, Fatemeh Afsharzadeh, Farah
Bokharaei-Salim, Shahin Merat, Hossein Poustchi, and
Arghavan Haj-Sheykholeslami organized the analysis of
the study. Farah Bokharaei-Salim, Hossein Keyvani, Fate-
meh Afsharzadeh, Maryam Esghaei, and Seyed Hamidreza
Monavari prepared the manuscript. The statistical anal-
yses have been carried out by Farah Bokharaei-Salim,
Fatameh Afsharzadeh. All the authors contributed to the
final revision of this manuscript.
Financial Disclosure: The authors of the current research
have no financial disclosures to declare and no conflicts of
interest to report.
Funding/support: This study was funded and supported
by IUMS with Grant number 25659.
Conflict of Interest: The authors of the present study de-
clare no conflict(s) of interest.
Hepat Mon. 2016; 16(12):e42388. 5
Afsharzadeh F et al.
References
1. Carcamo WC, Ceribelli A, Calise SJ, Krueger C, Liu C, Daves M, et al.
Differential reactivity to IMPDH2 by anti-rods/rings autoantibodies
and unresponsiveness to pegylated interferon-alpha/ribavirin ther-
apy in US and Italian HCV patients. J Clin Immunol. 2013;33(2):420–6.
doi: 10.1007/s10875-012-9827-4. [PubMed: 23100146].
2. Bastani MN, Bokharaei-Salim F, Keyvani H, Esghaei M, Monavari
SH, Ebrahimi M, et al. Prevalence of occult hepatitis C virus in-
fection in Iranian patients with beta thalassemia major. Arch Vi-
rol. 2016;161(7):1899–906. doi: 10.1007/s00705-016-2862-3. [PubMed:
27132015].
3. Poustchi H, Esmaili S, Mohamadkhani A, Nikmahzar A, Pourshams
A, Sepanlou SG, et al. The impact of illicit drug use on spontaneous
hepatitis C clearance: experience from a large cohort population
study. PLoS One. 2011;6(8):e23830. doi: 10.1371/journal.pone.0023830.
[PubMed: 21887326].
4. Gower E, Estes C, Blach S, Razavi-Shearer K, Razavi H. Global epidemiol-
ogy and genotype distribution of the hepatitis C virus infection. J Hep-
atol. 2014;61(1 Suppl):S45–57. doi: 10.1016/j.jhep.2014.07.027. [PubMed:
25086286].
5. Bokharaei-Salim F, Keyvani H, Esghaei M, Zare-Karizi S, Dermenaki-
Farahani SS, Hesami-Zadeh K, et al. Prevalence of occult hepati-
tis C virus infection in the Iranian patients with human immun-
odeficiency virus infection. J Med Virol. 2016;88(11):1960–6. doi:
10.1002/jmv.24474. [PubMed: 27463051].
6. Alavian SM, Kabir A, Ahmadi AB, Lankarani KB, Shahbabaie MA,
Ahmadzad-Asl M. Hepatitis C infection in hemodialysis patients
in Iran: a systematic review. Hemodial Int. 2010;14(3):253–62. doi:
10.1111/j.1542-4758.2010.00437.x. [PubMed: 20491973].
7. Pawlotsky JM, Chevaliez S, McHutchison JG. The hepatitis C virus
life cycle as a target for new antiviral therapies. Gastroenterol-
ogy. 2007;132(5):1979–98. doi: 10.1053/j.gastro.2007.03.116. [PubMed:
17484890].
8. Grakoui A, Wychowski C, Lin C, Feinstone SM, Rice CM. Expression and
identification of hepatitis C virus polyprotein cleavage products. J Vi-
rol. 1993;67(3):1385–95. [PubMed: 7679746].
9. Wu Q, Zhan FY, Chen EQ, Wang C, Li ZZ, Lei XZ. Predictors of Pegylated
Interferon Alpha and Ribavirin Efficacy and Long-Term Assessment
of Relapse in Patients With Chronic Hepatitis C: A One-Center Expe-
rience From China. Hepat Mon. 2015;15(6):e28836. doi: 10.5812/hepat-
mon.15(6)2015.28836. [PubMed: 26288635].
10. Wohnsland A, Hofmann WP, Sarrazin C. Viral determinants of resis-
tance to treatment in patients with hepatitis C. Clin Microbiol Rev.
2007;20(1):23–38. doi: 10.1128/CMR.00010-06. [PubMed: 17223621].
11. Sharafi H, Alavian SM, Keshvari M. Efficacy of 24-week pegylated
interferon alpha and ribavirin combination therapy in highly se-
lected patients infected with hepatitis C virus genotype 1. Hepat Mon.
2015;15(1):e24955. doi: 10.5812/hepatmon.24955. [PubMed: 25741374].
12. McCarthy JJ, Li JH, Thompson A, Suchindran S, Lao XQ, Patel K, et
al. Replicated association between an IL28B gene variant and a sus-
tained response to pegylated interferon and ribavirin. Gastroenterol-
ogy. 2010;138(7):2307–14. doi: 10.1053/j.gastro.2010.02.009. [PubMed:
20176026].
13. Bokharaei-Salim F, Salehi-Vaziri M, Sadeghi F, Esghaei M, Monavari SH,
Alavian SM, et al. The Association of Substitutions in the Hepatitis C
Virus Subtype 1b Core Gene and IL28B Polymorphisms With the Re-
sponse to Peg-IFNalpha-2a/RBV Combination Therapy in Azerbaijani
Patients. Hepat Mon. 2016;16(5):e35597. doi: 10.5812/hepatmon.35597.
[PubMed: 27313635].
14. Zignego AL, Ferri C, Pileri SA, Caini P, Bianchi FB, Italian Association
of the Study of Liver Commission on Extrahepatic Manifestations of
H. Extrahepatic manifestations of Hepatitis C Virus infection: a gen-
eral overview and guidelines for a clinical approach. Dig Liver Dis.
2007;39(1):2–17. doi: 10.1016/j.dld.2006.06.008. [PubMed: 16884964].
15. Wesche B, Jaeckel E, Trautwein C, Wedemeyer H, Falorni A, Frank H,
et al. Induction of autoantibodies to the adrenal cortex and pancre-
atic islet cells by interferon alpha therapy for chronic hepatitis C. Gut.
2001;48(3):378–83. [PubMed: 11171829].
16. Nair Kesavachandran C, Haamann F, Nienhaus A. Frequency of
thyroid dysfunctions during interferon alpha treatment of single
and combination therapy in hepatitis C virus-infected patients: a
systematic review based analysis. PLoS One. 2013;8(2):e55364. doi:
10.1371/journal.pone.0055364. [PubMed: 23383326].
17. Fabbri C, Jaboli MF, Giovanelli S, Azzaroli F, Pezzoli A, Accogli E, et al.
Gastric autoimmune disorders in patients with chronic hepatitis C
before, during and after interferon-alpha therapy. World J Gastroen-
terol. 2003;9(7):1487–90. [PubMed: 12854147].
18. Stinton LM, Myers RP, Coffin CS, Fritzler MJ. Clinical associations and
potential novel antigenic targets of autoantibodies directed against
rods and rings in chronic hepatitis C infection. BMC Gastroenterol.
2013;13:50. doi: 10.1186/1471-230X-13-50. [PubMed: 23506439].
19. Takashi H, Mikio N. Autoantibodies in hepatitis C virus-related
chronic liver disease. Hepat Mon. 2008;2008(4, Autumn):295–303.
20. Pileri P, Uematsu Y, Campagnoli S, Galli G, Falugi F, Petracca R, et al.
Binding of hepatitis C virus to CD81. Science. 1998;282(5390):938–41.
[PubMed: 9794763].
21. Heim MH, Thimme R. Innate and adaptive immune responses
in HCV infections. J Hepatol. 2014;61(1 Suppl):S14–25. doi:
10.1016/j.jhep.2014.06.035. [PubMed: 25443342].
22. Reddy KR, Nelson DR, Zeuzem S. Ribavirin: current role in the
optimal clinical management of chronic hepatitis C. J Hepa-
tol. 2009;50(2):402–11. doi: 10.1016/j.jhep.2008.11.006. [PubMed:
19091439].
23. Carcamo WC, Satoh M, Kasahara H, Terada N, Hamazaki T, Chan JY,
et al. Induction of cytoplasmic rods and rings structures by inhibi-
tion of the CTP and GTP synthetic pathway in mammalian cells. PLoS
One. 2011;6(12):e29690. doi: 10.1371/journal.pone.0029690. [PubMed:
22220215].
24. Covini G, Carcamo WC, Bredi E, von Muhlen CA, Colombo M, Chan EK.
Cytoplasmic rods and rings autoantibodies developed during pegy-
lated interferon and ribavirin therapy in patients with chronic hep-
atitis C. Antivir Ther. 2012;17(5):805–11. doi: 10.3851/IMP1993. [PubMed:
22293655].
25. Sadeghi F, Bokharaei-Salim F, Salehi-Vaziri M, Monavari SH, Alavian
SM, Salimi S, et al. Associations between human TRIM22 gene expres-
sion and the response to combination therapy with Peg-IFNalpha-2a
and ribavirin in Iranian patients with chronic hepatitis C. J Med Virol.
2014;86(9):1499–506. doi: 10.1002/jmv.23985. [PubMed: 24889558].
26. Bokharaei-Salim F, Keyvani H, Salehi-Vaziri M, Sadeghi F, Monavari
SH, Mehrnoush L, et al. Mutations in the NS5A gene of hepatitis C
virus subtype 1b and response to peg-IFNalpha-2a/RBV combination
therapy in Azerbaijani patients. Arch Virol. 2014;159(11):2893–9. doi:
10.1007/s00705-014-2133-0. [PubMed: 25139545].
27. Poordad FF, Flamm SL. Virological relapse in chronic hepatitis C. An-
tivir Ther. 2009;14(3):303–13. [PubMed: 19474464].
28. Keppeke GD, Nunes E, Ferraz ML, Silva EA, Granato C, Chan EK, et
al. Longitudinal study of a human drug-induced model of autoanti-
body to cytoplasmic rods/rings following HCV therapy with ribavirin
and interferon-alpha. PLoS One. 2012;7(9):e45392. doi: 10.1371/jour-
nal.pone.0045392. [PubMed: 23028980].
29. Jahanbakhsh Sefidi F, Keyvani H, Monavari SH, Alavian SM, Fakhim
S, Bokharaei-Salim F. Distribution of hepatitis C virus genotypes in
Iranian chronic infected patients. Hepat Mon. 2013;13(1):e7991. doi:
10.5812/hepatmon.7991. [PubMed: 23550108].
30. Pohjanpelto P, Lappalainen M, Widell A, Asikainen K, Paunio M. Hep-
atitis C genotypes in Finland determined by RFLP. Clin Diagn Virol.
1996;7(1):7–16. [PubMed: 9077432].
31. Gregorio GV, Choudhuri K, Ma Y, Pensati P, Iorio R, Grant P, et al.
Mimicry between the hepatitis C virus polyprotein and antigenic tar-
gets of nuclear and smooth muscle antibodies in chronic hepati-
6 Hepat Mon. 2016; 16(12):e42388.
Afsharzadeh F et al.
tis C virus infection. Clin Exp Immunol. 2003;133(3):404–13. [PubMed:
12930368].
32. Felisberto M, Jorge AS, Menolli RA, Gnutzmann LV, Nesi V. Induction of
cytoplasmic pattern in the form of "rods and rings" through the treat-
ment of hepatitis C: a case report. Rev Bras Reumatol. 2015;55(2):181–4.
doi: 10.1016/j.rbr.2014.01.012. [PubMed: 25476473].
33. Seelig HP, Appelhans H, Bauer O, Bluthner M, Hartung K, Schranz P,
et al. Autoantibodies against inosine-5’-monophosphate dehydroge-
nase 2–characteristics and prevalence in patients with HCV-infection.
Clin Lab. 2011;57(9-10):753–65. [PubMed: 22029192].
Hepat Mon. 2016; 16(12):e42388. 7
